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Abstract 
This paper presents a comparative research for different pulse-width modulation schemes to achieve the power-factor 
correction (PFC) function for a three-phase boost rectifiers with ac inductors and a single dc-rail. It uses a star-
connected three bidirectional switches, and has the advantages of lower per-unit current ratings of the switching 
devices. A novel current controller is proposed to provide better current performance than the conventional control 
method using in the same topology. The validity of the proposed method is confirmed by simulation and 
experimental results through a 1kW prototype. 
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1. Introduction
In recent years, domestic and international regulatory standards on power quality are increasing to
concern harmonic currents. It can result in various adverse problems whenever it injecting into the power 
grid.  A lot of switching converters are adopted to alleviate these problems [1-7]. For three-phase power 
supply system, the three-switch boost topology with single dc-rail or a split dc-rail, and six-switch boost 
topology are widely used as they have better power quality than others.  The six-switch boost rectifier 
with pulse with modulation (PWM) is the most popular topology even that it is not the best solution in 
regard to the cost. In contrast to this, many three-phase PFC rectifiers that use single-switch or two 
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switching topologies with current injection methods have been proposed. These types of rectifier realize a 
low cost solution because they do not require many switching devices in comparison with the six-switch 
rectifier. However, these structures still have noticeable current harmonics than the conventional six-
switch rectifiers [1, 2]. 
In this paper, the single dc-rail structure is considered.  It uses a single dc rail and star-connected three 
bidirectional switches, and has the advantages of lower per-unit current ratings of the switching devices 
that allow mainly line current to pass through the three-phase diodes. These characteristics lower the cost 
of the switching devices and improve reliability [5]. In addition, a lower input current distortion can also 
be achieved with the output voltages at 1.35 ratios [6-7], however, this performance is achieved at the pay 
out of losing the bi-directional power flow capability and an increased power semiconductors. This paper 
makes a comparative research about three-types of PWM strategies, including the convention sinusoidal 
PWM, and two types of modified PWM schemes. Also, a novel current controller is proposed to provide 
better current performance than the conventional control idea using the same topology.  The operating 
modes of the researched topology are described in detailed in Section II.  The proposed three-phase PFC 
controller is shown in Section III.  Experimental verification of a 1kW prototype is given in Section IV. 
Finally, a conclusion is given in Section VI. 
2. Circuit description 
2.1. The star-connected three-phase boost rectifier 
The main circuit configuration of the researched star-connected three-phase boost rectifier is shown in 
Fig. 1. It is consisted of a three-phase diode rectifier in parallel with three bidirectional switching devices 
using a star-connected structure. By controlling the three bidirectional power switches, the circuit is 
operated in the boost mode. In this study, the average current mode control is adopted to reduce the input 
current harmonics. Conventional SPWM adopts three independent current loops, so as to achieve the 
function of the three-phase input currents following the three sinusoidal current commands. However, as 
the three bidirectional switching devices are built in a start-connection, the switching state of the power 
devices should be considering dependent in each other. For example, one can adopt only two switches are 
switching at high frequency, and the third is still turned on as the switching scheme in each 60 degree of 
source voltages. This scheme has the advantage of lower switching loss than the method of three 
independent current controllers. There are two types of select methods to determine the third low 
switching loss element: one is to adopt the phase which has the maximum absolute value; the other 
method is to adopt the phase which has the minimum absolute value. The difference between these two 
methods will be shown as follows: 
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Fig. 1 The star-connected three-phase boost rectifier        Fig. 2 The waveforms of the idea three-phase source voltage 
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2.2.  Operation mode analysis  
Fig. 2 shows the waveforms of the idea three-phase source voltage, and the related equations can be 
shown as follows: 
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Fig. 2 shows the line cycle can be divided into six sections, as the start-connected structure, it is adopted 
one switch device is turned on and the others are switching at high frequency in each 60 degree of cycle. 
For the first method to adopt the phase which has the maximum absolute value (Type 1), for an example, 
during (0~60 ) from Fig. 2,  the phase voltage bV  has the maximum absolute value, thus the bidirectional 
switch bQ is turned on during this section, and the other two switches are controlled at high Frequency,  
resulting in the average inductor current in phase bV  will be regulated by the current controllers of the 
other two phases. The equivalent circuits for others using this method can also be found as the follows: 
State 1 ( °° 60~0 ):
In this section, 0>aV , 0<bV  and 0>cV ，diodes of 1D , 4D  and 5D are forward bias，and the phase 
voltage bV  has the maximum absolute value, thus the bidirectional switch bQ is turned on during this 
section. The switching devices of aQ and cQ  are pulse-width modulated by the current controllers of 
bI and cI , resulting in the source current bI following by－( aI ＋ cI ).  In this section, the source voltages 
of aV and cV  provide energy to the load. 
State 2 ( °° 120~60 ):
In this section, 0>aV , 0>bV  and 0<cV ，diodes of 1D , 4D  and 6D  are forward bias，and
the phase voltage aV  has the maximum absolute value, thus the bidirectional switch aQ is turned on 
during this section. The switching devices of aQ and cQ  are pulse-width modulated by the current 
controllers of bI and cI , resulting in the source current aI following by－( bI ＋ cI ).  In this section, the 
source voltage aV  provides energy to the load. 
For the second method to adopt the phase which has the minimum absolute value (Type 2) will follow 
the above concept to select the turned on switch during the corresponding section. 
3. Control circuit design 
The three-phase current controllers are used to force the average inductor current in each phase to 
follow the sinusoidal phase voltage. It is consisted of an outer voltage loop and three independent inner 
current loops. The current loop control is achieved by sensing the three-phase input currents, it can be a 
conventional PI controller (GPI) or the proposed phase-lead compensator (GACR). The voltage loop control 
is done by  feeding back  DC bus voltage, and is also a conventional PI controller.  Fig. 3(a) shows the 
circuit diagram of considering system, and Fig. 3(b) shows the selection logic. The current controllers 
including the conventional PI ( PIG )and the proposed phase-lead compensation ( ACRG )are shown as 
follows: 
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Fig. 3(a) The proposed control block diagram of the considering system.   Fig. 3 (b) PWM scheme selector 
4. Simulation and experimental results 
4.1. Simulation 
A comparative simulation has used to check the differences among the three-types of PWM schemes. 
The system parameters are as follows: the input voltage is 50 Vrms; the output voltage is 140 V; the dc 
output capacitance is 3000uF; the output power is about 1000 W; the switching frequency is 20 kHz; the 
source input inductance is 1mH. Fig. 4 shows the simulation results of the researched circuit with different 
PWM schemes shown in Table 1.  Fig. 4(a) shows the convention PWM switching, where the up trace 
shows the phase A switching signal, the low trace shows the three-phase input currents.  Fig. 4(b) shows 
the modified PWM switching with the minimum absolute value switch turned on. One can see that these 
two PWM schemes have similar performances, but with different switching losses Fig. 4(c) shows the 
modified PWM switching with the maximum absolute value switch turned on. It shows a better current 
performance than the case shown in Fig. 4(b). The current controller used in above three cases is a PI 
controller. Fig. 4(d) shows the case with Fig. 4(c), but with the proposed phase lead compensation as the 
current controller. It shows the proposed controller has better current performance than the convention PI 
controller. 
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Fig. 4(a) Conventional PWM method.                                      Fig. 4(b) Modified PWM (Type 1) 
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Fig. 4(c) Modified PWM (Type 2)        Fig. 4(d) Type 2 PWM with the proposed current controller. 
4.2. Experimental results 
Fig. 5 shows the experimental results with respect to the researched PWM schemes. Fig. 5(a) shows the 
conventional PWM scheme, where the up trace shows the phase A switching signal, the low trace shows 
the three-phase input currents. The output power is about 1045W.  Fig. 5(b) shows the modified PWM 
with minimum absolute value switch turned on during the corresponding 60 degree interval, and the load 
is the same as (a). It shows the modified scheme has better performance than the conventional PWM 
scheme, also it has a lower switching loss than (a).  
Fig. 6(a) shows the experimental result of three-phase input current with conventional PWM scheme, 
where the proposed current controller is applying. It shows the input current has an excellent shape with 
the proposed controller. Fig. 6(b) shows the system performance where a load change occurred. 
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Fig. 5 The experimental results with respect to the researched PWM schemes, (a) conventional PWM, (b) modified 
 PWM with minimum absolute value switch turned on during the corresponding 60 degree interval (Type 2). 
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Fig. 6(a) The proposed current controller with                                       Fig. 6(b) System response with a load change. 
conventional PWM scheme.
5. Conclusion 
A comparative research for different pulse-width modulation schemes to achieve the power-factor 
correction (PFC) function is presented in this paper. It shows the modified PWM scheme with maximum 
absolute value switch turned on scheme has the best performance that the other two methods and the 
proposed current controller can have a good response than the conventional PI controller. Prototype 
results have shown the proposed system to be suitable for the three-phase rectifier with power factor 
correction.
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